and 2 ± 10 See Appendix for af®liations and list of participants of the DAFNE I and II projects Objective: We have undertaken a study to examine whether Household Budget Survey (HBS)-derived nutritional patterns are related to mortality from diseases with strong nutritional components, namely coronary heart disease, colorectal cancer and cancer of the female breast. Design: Ecological correlation study. In the context of the Data Food Networking projects of the European Union, raw data from the national HBS of 10 European countries were provided. For each of the 10 participating countries, daily food availability per capita around 1990 was calculated. Individual foods were aggregated into 12 major food groups that were linked with the diseases under consideration. Mortality data were available from a World Health Organisation database. We have used a composite score to summarise the postulated in¯uence of diet. Setting: Ten European countries circa 1990. Results: The correlation coef®cients between the composite score and the age-adjusted mortality from each of the studied diseases were: 0.51 (P~0.14) for colorectal cancer; 0.72 (P~0.02) for female breast cancer; and 0.60 (P~0.07) for coronary heart disease, after adjustment for tobacco smoking. Conclusions: We conclude that dietary information from HBS is suf®ciently reliable to reveal correlations with mortality rates from chronic diseases with fairly strong nutritional roots. HBS data could be used, with little cost, for monitoring secular trends in dietary patterns with a view to their health implications. Sponsorship: The DAFNE I and II projects were funded by the European Commission, in the context of thè Cooperation in Science and Technology with Central and Eastern European Countries' and`Agriculture and
Introduction
In most European countries, a large amount of information concerning diet is collected in the context of the regularly conducted Household Budget Surveys (HBS). HBS are undertaken by the National Statistical Services at intervals varying from one to several years and cover household food purchases over a period ranging from one week to a few months. The HBS samples are representative of all households in the respective countries and their size is in the order of several thousands. HBS are mainly undertaken to ascertain trends in food consumption and their economic implications, and they are also useful for the derivation of price indices. Details about HBS are provided elsewhere (Van Staveren et al, 1991; Trichopoulou & Lagiou, 1997) . Efforts have recently been made to exploit the potential of HBS for nutritional purposes. The Data Food Networking (DAFNE) projects involve 10 European countries, the representatives of which provided raw data from their national HBS. These data were subsequently uniformly coded to assure interpretability and comparability.
We have undertaken a study to examine whether HBSderived nutritional patterns are related to the frequency of occurrence of diseases with strong nutritional components which are frequently fatal. We have chosen to study mortality from coronary heart disease (CHD), cancer of the female breast and colorectal cancer. Diet is an important component cause of several other chronic diseases, mainly diverticulosis and cancer of the stomach, but for these diseases either case fatality ratio is very low (diverticulosis) making mortality a poor frequency indicator, or information is lacking with respect to other important causes (for stomach cancer, prevalence of Helicobacter pylori infection by age). Therefore, our study was an attempt to study HBS-derived nutritional data by undertaking ecological correlations of nationwide food patterns with mortality rates from common diseases with established nutritional aetiology.
Materials and methods
HBS data from the following 10 European countries were used, with calendar year of the respective HBS survey in parenthesis: Belgium (1987a88), Germany (Western, 1988) , Greece (1988 ), Hungary (1991 ), Ireland (1987 , Luxembourg (1993 ), Norway (1992a94), Poland (1988 , Spain (1990a91) , and the United Kingdom (1993) . For each of these countries food availability per household was retrieved and food availability per capita per day was calculated through division by the product of the referent time period and the mean household size (Trichopoulou & Lagiou, 1997; Trichopoulou & Lagiou, 1999, in press ). Subsequently, individual foods were aggregated into 12 major food groups that have been linked, with variable degree of certainty, with one or more of the chronic diseases under consideration: added unsaturated lipids, added saturated lipids, cereals, fruits, vegetables, legumes, red meat, dairy products, ®sh, eggs, mono-and disaccharides and products, and ethanol. Added lipids should be distinguished from those`hidden' in particular foods, for example meat or ®sh. Because tobacco products are not part of the DAFNE database, per capita per year consumption data circa 1970 were retrieved from a recent World Health Organisation publication (WHO, 1997) . A general agreement has gradually been formed with respect to the role of diet and tobacco in the aetiology of coronary heart disease, cancer of the female breast and colorectal cancer. For cancer, the relevant information has been summarised in two recent publications (Willett & Trichopoulos, 1996; WCRFaAICR, 1997) , whereas the information for coronary heart disease has been critically reviewed by the (USA) National Research Council (National Research Council, 1989) and Willett (Willett, 1994) . Table 1 summarises this information in a semi-quantitative way. It is assumed that de®nitive associations re¯ect stronger underlying relations and vice versa.
Mortality data from coronary heart disease, cancer of the female breast and colorectal cancer circa 1990, adjusted to the European population of 1991, were retrieved from a WHO database (WHO, 1991) . Since bivariate correlations between particular food groups and mortality from speci®c diseases over a total of only ten countries do not allow control for mutual confounding, likely to be generated by the inter-relations of the various food groups, we have used a composite score to summarise the postulated in¯uence of diet (including also smoking when needed). Composite scores are often used to describe the likely effects of total diet (Hjermann et al, 1981; Manousos et al 1983; Trichopoulou et al, 1995) , and they are also employed in several other areas of clinical research (Alvarez M et al, 1998) .
For the construction of the composite score, the ten countries were ranked with respect to each of the 12 study variables (added unsaturated and saturated lipids were studied in terms of a single variable, that is, their ratio, so that there were 11 nutritional variables plus smoking). The ranking was done in a way such that number 1 was the country with the highest consumption of a bene®cial food group or the lowest consumption of a harmful food group or smoking. As indicated, the ranking was repeated for each food group, as well as for smoking, generating for every country 12 rankings for each of the three diseases. The ranks with respect to each food and each disease were subsequently weighted, with weights 1.5 for a de®nitive association, 1 for a likely association and 0.5 for a possible association. When there is no evidence for an association between a particular food group and a certain disease, the relevant ranking receives a weight of zero and is discounted. Lastly, for every particular country, the weighted ranks for each of the 12 variables were added, and this process was followed for each of the three diseases. Because the composite score is a summation of individual ranks for foods de®nitely, likely or possibly associated with a particular disease, there is bound to be a higher composite score for a disease with several such associations (notably CHD) than for a disease with fewer such associations (notably breast cancer) (Table 1) .
Correlation coef®cients (and, when needed, partial correlation coef®cients) were calculated using standard procedures (Armitage & Berry, 1988 ). Table 2 shows availability per capita per day of the 10 nutritional variables, the ratio of unsaturated to saturated added lipids and the average number of cigarettes smoked daily. Table 3 shows gender and age adjusted mortality from coronary heart disease, female breast cancer and colorectal cancer. In Table 4 , simple correlation coef®-cients between each of the eleven dietary exposures and smoking on the one hand and each of the three outcomes on the other are given. Mutual confounding among the dietary variables hinders the interpretability of these correlation coef®cients.
Results
On the basis of the procedures indicated in the materials and methods section, the data shown in Table 5 were generated. Lower values of the composite nutritional score re¯ect a more favourable dietary pattern for the respective disease. Therefore, if the nutritional patterns were indeed associated with mortality from the diseases under consideration, positive correlation coef®cients would be generated.
For colorectal cancer, the correlation coef®cient is 0.51 and corresponds to one-tailed P value of 0.07 (two-tailed P~0.14). For female breast cancer, the correlation coef®cient is 0.72 and corresponds to one-tailed P value of 0.01 (two-tailed P~0.02). Finally, for coronary heart disease, the correlation coef®cient is 0.63 and corresponds to one-tailed P value of 0.03 (two-tailed P~0.06); after adjustment for tobacco smoking, the partial correlation coef®cient becomes 0.60 and corresponds to HBS nutritional data and mortality P Lagiou et al one-tailed P value of 0.04 (two-tailed P~0.07). The use of one-sided P values is defensible in this context, because the composite score was constructed with the a priori assumption that it would be positively associated with mortality from each of the studied diseases.
Discussion
Ecological associations are not easily interpretable, because they are susceptible to confounding by unmeasured factors, as well as to bias generated by the aggregation of data which is characteristic of this type of design (Morgenstern, 1982) . Nevertheless, when the risk gradient is substantial and the exposure is wide-spread in a population, ecological correlations do re¯ect the underlying causal relations as, for instance, prevalence of hepatitis B surface antigen and mortality from hepatocellular carcinoma, or geographical latitude and incidence of skin cancer (IARC, 1990) . Diet is, of course, universal and the extremes of a nutritional index could be associated with sharp risk gradients. Therefore, there is a sound foundation for the use of an ecological design for the study of the nutritional information generated from HBS.
In the early days of nutritional epidemiology, ecological associations were frequently used for the generation of hypotheses concerning the dietary aetiology of various chronic diseases (Armstrong & Doll, 1975; Carroll, 1975) . Today, however, nutritional epidemiology has advanced considerably and there is a wealth of information from analytical epidemiological studies (WCRFaAICR, 1997). We have not attempted multivariate analysis, The German HBS data used in the DAFNE project (German contract data base) do not necessarily correspond to the non-anonymised statistical microdata from which the contract data base was prepared. Table 3 Gender and age adjusted Ð to the European population of 1991 Ð mortality from coronary heart disease, female breast cancer and colorectal cancer circa 1990 (deaths per 100 000 person-years) Belgium  103  37  26  Germany  150  33  29  Greece  95  21  10  Hungary  235  32  35  Ireland  255  43  30  Luxembourg  124  33  27  Norway  187  27  26  Poland  119  22  18  Spain  73  24  17  UK  223  42  26 Source: WHO, 1991. HBS nutritional data and mortality P Lagiou et al because data from only 10 countries were available, which limits the usable number of independent variables to no more than one or two. The use of a composite score bypasses this problem, because it substitutes one composite variable for several independent ones. The age-adjusted mortality data we have used are of®cial WHO data, but this does not guarantee that they are error free. Moreover, the HBS nutritional data, which are derived from population samples designed to be country-representative, may incorporate subtle errors due to misunderstandings, mis-reporting or non-response from the randomly selected households. When the errors in the two correlated variables are unrelated, however, the correlation coef®cient between them will, if anything, be underestimated in absolute terms.
Coronary heart disease Female breast cancer Colorectal cancer
In this investigation, we have used concurrent data for dietary factors, but data for 1970 with respect to smoking. Two reasons led us to this decision: there are reliable data pointing to long average latency for tobacco smoking (Doll & Peto, 1981) , whereas there is little information concerning latency with respect to dietary exposures; dietary changes over time have been gradual, while tobacco consumption in several developed countries, for example the United Kingdom, has changed substantially, following the introduction of anti-smoking campaigns (WHO, 1997) . In any case, mis-speci®cation of latency with respect to the dietary factors is a form of misclassi®cation, in which the associated error is unrelated to the error in the outcome variables (mortality rates).
We did not attempt to apply the procedures employed in this present study to data assembled by the Food and Agriculture Organisation (FAO) and published as food balance sheets (Kelly et al, 1991) . These data have their own strengths and weaknesses, but it is possible that they would generate, under similar assumptions, correlations of similar order of magnitude. Since, however, HBS and FAO data are to a very large extent independent, a combination of information from both these data sources can substantially reduce non-differential misclassi®cation and improve the association with the desirable, but not directly measured variable, which is the average individual dietary consumption (Marshall, 1989 ).
Conclusions
We have been able to document that dietary information from HBS is associated with mortality from three diseases with fairly strong nutritional roots. Other diseases with strong nutritional aetiology have not been studied either because mortality from them is very low in comparison to their incidence, for example, diverticulosis, or because no information is available concerning other causes, for example, cancer of the stomach. Since HBS are regularly undertaken for other purposes in most European countries, their dietary data could be used, with little additional cost, for monitoring secular changes in dietary patterns with a view to their health implications. 
